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The epidermal melanocytes of human skin
synthesize increased amounts of melanin pig-
ment after exposure to ultraviolet light. Al-
though there is not complete agreement, it is
generally held that the irradiated melanoeytes
of human beiogs do not increase in number (1,
2). In fact, a reduction in their number has
been reported in tanned skin of the human
back (3). These important conclusions are
based on examinations of melanocyte popula-
tions visualized by DOPA-reagent. Stated most
rigorously, available evidence suggests that ir-
radiated human skin contains no greater num-
bers of DOPA-reactive melanocytes than are
demonstrable in non-irradiated skin. These
findings suggest 1) that all epidermal melano-
cytes are DOPA-reactive and 2) that they do
not proliferate in response to UV.
It is noteworthy that the individual and re-
gional variations in melanocyte distribution
within the human integument are very great.
For example, there are two to three times as
many DOPA-positive melanocytes per nnit area
in the skin of the cheek or forehead than in
other regions of the integument (4). In view of
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Paired Thiersch grafts of skin were removed
from the right and left hip of one of the authors
(G.S.) following an extensive summer's exposure
to solar irradiation. Each pair of skin specimens
consisted of a sample of tanned skin and immedi-
ately adjacent non-tanned skin which had received
no direct irradiation. On the right side, 863 40
melanocytes/mm' were found in the shielded skin,
and 972 26 melanocytes/mm' in the irradiated
skin, (P < 0.05). On the left side there were 1080
43 melanocytes/mm' in the shielded skin, and
1316 44 melanocytes/mm' in the irradiated skin(P <0.01).
the relatively low number of DOPA-reactive
epidermal melanocytes in the skin of the human
buttock, and its infrequent exposure to solar
irradiation, this site was selected for a further
test of the immutability of melanocyte num-
bers following irradiation. Our quantitative
and qualitative studies on the populations of
DOPA-reactive melanocytes within irradiated
and non-irradiated skin of the human buttocks
are reported herein.
MATERIAL5 AND METHODS
A total of 5 adult Caucasian males was ex-
amined in this study. Each individual was shielded
so that only the left buttock was exposed to ultra-
violet light emitted by a General Electric R.S.
type sunlamp. The lamp to target distance was
15". Between 10 and 15 treatments with erythema-
producing UV were administered to each patient
over approximately a two-week period. The daily
doses were graded according to skin tolerance.
Twenty-four hours after the last exposure to UV,
punch biopsy specimens of skin were removed
from the irradiated and contralateral shielded
sites. Four of the 5 pairs of specimens were
mounted epidermis down on coverslips. A varia-
tion of the Staricco-Pinkus sodium bromide
method was used to prepare sheets of epidermis
(5). The dermis was easily separated from the
epidermis after the skin had been incubated for 3
hours in an aqueous solution of 2N NaBr at 37' C.
The epidermal sheets were fixed for 1 hour in 10%
formalin (4% formaldehyde), washed, and incu-
bated in buffered DOPA-solotion (pH 7.4) for 5
hours at 37' C; the DOPA-reagent was replaced
after the first hour (6). The epidermal sheets were
then stained in Mayer's alcoholic carmine, dehy-
drated, cleared and prepared as whole mounts.
One pair of biopsy specimens was fixed directly
in 10% formalin and treated with DOPA-reagent
following the method of Becker (7). These speci-
mens were prepared as orthodox paraffin sections
and stained with Mayer's alcoholic carmine. The
number of melanocytes was estimated per square
mm over the surface area of the skin in plane
projection. For each specimen, the calculations
were based on 10 randomly chosen regions corre-
sponding to a total area of 023 mm'.
RESULTS
A striking tanning of the irradiated skin was
noted in all patients by the end of the second
week of treatment. Although erythcma was
observed in all cases, there was no evidence of
gross damage to the skin during this period.
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As shown in Table I, the tanning of the skin
observed grossly was accompanied in three out
of four cases by a significant increase in the
number of DOPA-reactive melanocytes at the
dermocpidcrmal junction. One patient with a
high number of melanocytes in the non-irradi-
ated skin showed no significant change in
melanocyte number after treatment with UV.
The remaining cases showed statistically signifi-
cant differences between melanocyte populations
within the shielded and irradiated sites.**
The melanocytes of non-irradiated skin
showed great variation in their reaction with
DOPA-reagent (Fig. 1). Some melanocytes
darkened intensely, others showed only a weak
reaction. In contrast, the melanocytes of ir-
radiated skin were more uniformly intensely
reactive with DOPA-reagent (Fig. 2). The
TABLE I
Melanocyte populations in irradiated and
non-irradiated human epidermis
Case No. Non-IrradiatedEpidermis
Irradiated
Epidermis I
1
2
3
4
1692±70
806±59
1405 73
1236 70
165O±64 >0.5
19O3±76 <0.01
1701 52 <0.01
1675 76 <0.01
irradiated melanocytes often appeared larger
and possessed more elaborately developed
dendritic processes than non-irradiated melano-
cytes. Numerous pigment granules were found
within the malpighian cells of irradiated skin,
but were scarce in those of non-irradiated skin.
DIsCUSSION
Based on our current knowledge of main-
malian pigmentation, the increased numbers of
DOPA-reactive epidermal melanocytes within
the buttock skin repeatedly exposed to UV may
have resulted from: 1) the division of pre-
existing melanocytes; 2) the activatiou of
DOPA-negative melanocytes; 3) the migration
of precursor melanocytes from the dermis into
the epidermis; 4) the various combinations of
these processes. We did not observe mitotic
activity within epidermal melanocytes, nor did
we observe the ascent of melanoblasts into the
epidermis. However, on the basis of existing
evidence those possibilities cannot be ruled out.
At present, support is given to the view that
DOPA-negative melanocytes were activated by
UV (8, 9). The intensity of the DOPA-reaction
varied greatly in non-irradiated melanocytes;
some were intensely DOPA-positive, whereas
others only darkened slightly. This finding
suggests that some melanocytes, either DOPA-
Fro. 1. DOPA-reaetive melanoeytes within non-irradiated epidermis. X480
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FIG. 2. DOPA-reactive melanocytes within irradiated epidermis. X480
negative or at best weakly DOPA-positive,
were not detected in our counts of non-irradiated
melanocytes. Accordingly, repeated exposure to
UV may have served not only to increase
melanogenic activity within active melanocytes
but also to initiate melanin synthesis within
DOPA-negative (amelanogenic) melanocy tes.
Our failure to detect an increased number of
DOPA-reactive melanocytes within the irradi-
ated epidermis of one patient is not inconsistent
with this view. In some cases, the entire epi-
dermal melanocyte population of the buttock
may be melanogenically active and therefore
darkened on treatment with DOPA-reagent.
Here, no amclanotic melanocytes would have
been available for activation by UV, and an
increase in the numbers of mclanocytcs would
not be expected.
A striking increase in DOPA-reactive melano-
cytes has been observed in the skin of rodents
after exposure to DV (9, 10, 11). This increase
may result both from the activation and pro-
liferation of epidcrmal melanocytes or their
precursors (8). The roles played by mclanocytc
division, and by the other mechanisms listed
above, in the tanning of human skin remain to
be determined. Future investigations which will
make use of mitosis-blocking agents and meth-
ods for identifying and counting precursor
melanocytcs within human skin should shed new
light on this important problem.
Associated with the increased melanogenic
activity of irradiated melanocytes arc signifi-
cant changes in their general cytology. These
changes include an increased branching of
dendrites and an increase in the overall size of
some, but not all, melanocytes. Quite possibly,
the observed alterations in cell shape result
from the deposition of DOPA-melanin in pre-
existing dendrites which are normally DOPA-
negative. Consequently, they may not necessarily
reflect true changes in cell morphology. In gen-
eral, the changes in mclanocyte morphology re-
ported here arc similar to those found in other
radiation studies on mammalian skin (4, 10, 11).
Our findings suggest that regional anatomical
differences may exist in the response of the
epidermal melanocyte system to UV. Utilizing
radiation procedures similar to ours, Miller-
Milinska and Staricco (3) reported a small
but significant reduction in the numbers of
DOPA-positivc melanocytes within the ir-
radiated human back where there is a low
residual mclanocyte population. Pathak et al.
(1) failed to observe increased numbers of
DOPA-reactive melanocytes in the human fore-
arm (high residual melanocyte population)
after a single treatment with UV. While it is
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possible that true regional anatomical differ-
ences exist in the competency of cpidcrmal
mclanocytes to respond to DV, it is also possible
that the differing qualities and quantities of
DV may also have contributed to differ-
ences in melanocyte dynamics. It is noteworthy
in this connection, that Snell and Bischitz (12)
have fonnd an increased number of DOPA-
reactive melanocytcs in human abdominal epi-
dermis (low residual melanocyte popula-
tion) during pregnancy and have attributed
this response to the activation of DOPA-nega-
tive melanocytes paralleling the changing titers
of hormones. It would be of considerable inter-
est to determine whether melanocytes of the
abdominal skin are increased in number after
treatment with DV. In summary, although it
it would appear that there are regional varia-
tions in the responses of epidermal melano-
cytes to DV, the mechanisms which regulate
these responses remain to be clarified.
SUMMARY
Repeated exposure of skin of the human but-
tock to DV results in an increased number of
DOPA-reactive epidermal melanocytes. Whereas,
non-irradiated melanocytes at this site are
highly variable in DOPA-reactivity, those of
irradiated skin are uniformly intensely reactive
with this agent. Although several mechanisms
may account for the results obtained, some sup-
port is given to the view that normally
amelanotie melanocytes of the buttock become
melanogenic in response to DV.
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